Abstract To explore the potential of the large amount of grape pomace in wineries of China, oils of three Eurasian grape cultivars (Chardonnay, Merlot and Carbernet Sauvignon) and two Chinese traditional grape cultivars (Vitis amurensis and Vitis davidii), were characterised. The results showed seed oil properties differ for various grape varities. Grape seed oils were demonstrated to be good sources of polyunsaturated fatty acid (PUFA) (63.88-77.12 %), sterols (227.99-338.83 mg/100 g oil) and tocotrienols (320.08-679.24 mg/kg oil). Seed oil of V. amurensis exhibited the highest values of polyunsaturated fatty acid, total tocotrienols, total tocols and DPPHÁ scavenging capacity. Seed oil of Carbernet Sauvignon had the highest contents of squalene, total sterols, total tocopherols and total phenolics. Principal component analysis five grape cultivars differentiated on the basis of bioactive components content and antioxidant properties.
Introduction
Grape is one of the most important fruits grown in China. In 2013, China produced 11,650,024 tons of grapes, being the world's largest grape producer, which accounts for 15.09 % of the total world production (FAOSTAT 2013) . With increasing wineries year by year in China, more and more grape pomace is producing. Grape pomace disposal has become a serious issue, as discharging directly or using as feedstuff is usually adopted, which caused serious environmental pollution and resource waste.
Dry pomace accounts for nearly 25 % (w/w) of grapes, of which about 38 % (w/w) is seed (Rice 1976) . The seeds were reported to contain 3.95-20.71 % oil according to different grape varieties (Beveridge et al. 2005; Demirtas et al. 2013; Fernandes et al. 2013) . Grape seed oil is rich in unsaturated fatty acids, especially linoleic acid (C18:2) and oleic acid (C18:1), which are beneficial to human cardiovascular health (Wijendran and Hayes 2004; Beveridge et al. 2005; Crews et al. 2006) . Besides, grape seed oil contains an appreciable amount of vitamin E (tocopherols and tocotrienols), sterols, phenolics and other bioactive compounds, which all contribute to the antioxidant properties (Bail et al. 2008; Passos et al. 2010; Lutterodt et al. 2011) . Vitamin E also possesses neuroprotective and antitumor activities (Khanna et al. 2003; Nesaretnam et al. 2007 ). Moreover, sterols show important anticancer and cholesterol-lowering effects (Awad and Fink, 2000; Piironen et al. 2000) . Therefore, it is a good option to dispose grape pomace by extracting seed oil, which will lower costs on oil production and increase output value of wine industry. The grape seed oil can be applied to food, pharmaceutical and cosmetic industries (Sabir et al. 2012) .
To the best of our knowledge, most of the studies have been undertaken using grapes cultivated in Turkey (Demirtas et al. 2013) , Portugal (Passos et al. 2010; Fernandes et al. 2013) , Canada (Beveridge et al. 2005) , France (Crews et al. 2006) , Italy (Crews et al. 2006) , Spain (Crews et al. 2006; Pardo et al. 2009; Rubio et al. 2009 ), Austria (Bail et al. 2008 ) and the United States (Lutterodt et al. 2011) . However, there is limited information about grape seed oils extracted from grape cultivars cultivated in China, which is an important producer of grapes according to FAO. Five principle grape varieties cultivated in China were selected, including three Eurasian grape cultivars (Chardonnay, Merlot and Carbernet Sauvignon) and two Chinese traditional cultivars (Vitis amurensis and Vitis davidii). The main objective of this study is to characterise composition and antioxidant properties of oils from seed of five different cultivars grown in China.
Materials and methods

Materials
Five different varieties of grape pomace were collected from wineries in China during the fall of 2013, including one white variety (Chardonnay) and four red varieties (Merlot, Carbernet Sauvignon, V. davidii and V. amurensis). The days between wine extraction and beginning of drying were uniform for all samples. The seeds were separated from pomace and spread on gauze for drying at ambient temperature (20°C) for 8 days. The seeds were turned over regularly to achieve uniform drying with ultimate moisture content of about 10 %. Then the seeds were vacuum packaged with polyethylene bags and stored at -18°C until extracting process.
Extraction of grape seed oils
The seeds were ground using a mill and screened through mesh size. After that, the seeds were subjected to supercritical carbon dioxide extraction. CO 2 used in the extractions was 99.99 % pure (Beijing Qianxi Gases Company, Beijing, China). The conditions of SFE were optimized by respond surface methodology in previous experiments, the optimum condition was: extraction pressure of 28 MPa, extraction temperature of 45°C, CO 2 flow rate of 25 kg/h, separation pressure of 6 MPa, separation temperature of 50°C and extraction time of 75 min. The oil yields were calculated through weighing the obtained oil in percent of dry grape seed flour. The oils were stored under nitrogen at -60°C prior to analysis.
Reagents and standards
Boron trifluoride-methanol solution (14 %), 5a-cholestane, BSTFA ? TMCS (99:1), gallic acid (purity C97.5 %), anhydrous pyridine (99.8 %), DPPHÁ, standards of fatty acid methyl esters, sterols, tocopherols and tocotrienols were purchased from Sigma Aldrich company (St. Louis, MO, USA). Folin-Ciocalteu reagent was purchased from Tianjin Jinke Institute of Fine Chemicals Division (Tianjin, China). All of the reagents used were of analytical grade.
Fatty acids analysis
Fatty acids of different grape seed oils were measured as described by Beveridge et al. (2005) with slight modifications. Grape seed oil (30mg) was reacted with 1 mL methanolic KOH (1 M) for 1 min at ambient temperature followed by reacting with 1 mL 14 % BF 3 -methanol for 15 min at 95°C. The mixture was cooled and 0.5 mL of saturated NaCl was added followed by 1 mL n-hexane. The upper layer was used directly for gas chromatography (GC) by a Bruker SCION 456-GC equipped with a FID. A RTXWax column (30 m 9 0.25 mm with a 0.25 lm film thickness) was used with nitrogen as the carrier gas at a flow rate of 1 mL/min. Samples (1 lL) were injected by a CP-8400 autoinjector at a split ratio of 20:1. The oven temperature program comprised an initial temperature of 140°C for 2 min, followed by an increase to 190°C at 10°C/min and another ramp to 240°C at 4°C/min, then held at 240°C for 5 min. Injector and detector temperatures were 260°C. Results were reported as peak area percent of total area of all fatty acid peaks. All samples were analysed in duplicate.
Sterols analysis
Sterols of different grape seed oils were detected according to the method described by Shin et al. (2010) with slight modifications. 0.5 g of grape seed oil was weighed into round-bottom flask with 1 mL internal standard (5a-cholestane, 0.2 mg/mL) and then evaporated to dryness. 10 mL of ethanol containing 3 % (w/v) pyrogallol and 1 mL of saturated KOH solution were added. The mixture was vortexed for 1 min and saponified at 80°C for 30 min purging with N 2 . The solution was extracted with 20 mL nhexane for three times and washed with distilled water until the washes with a neutral pH, followed by drying with anhydrous sodium sulfate. The hexane fraction was evaporated to dryness at 40°C by rotary vacuum evaporation. TMS ether derivatives were prepared by adding 100 lL of anhydrous pyridine and 100 lL of BSTFA ? TMCS (99:1) and vortexing. Then they were transferred to vials for GC-MS analysis. The TMS-sterols were determined by an Agilent 7890A GC with an Agilent 5975C inert XL mass selective detector. The conditions were as follows: a DB-5 column (30 m 9 0.25 mm with a 0.25 lm film thickness; J&W Scientific, Folsom, CA, USA); 1.0 lL of injection volume with a Gerstel MPS 2 XL multi-purpose sampler; a split ratio of 15:1; helium as the carrier gas at a flow rate of 1 mL/min; an initial oven temperature of 260°C for 5 min followed by a temperature ramp to 280°C and held for 30 min; injector temperature were set at 280°C; a scan range of 50.00-600.00 amu; transfer line temperature was set at 250°C; an ion source temperature of 230°C; an electron ionization energy of 70 eV. Different concentrations of the external standards (squalene, campesterol, stigmasterol, b-Sitosterol, sitostanol, 45-avenasterol) and internal standard (5a-cholestane) were derivatized as described above. Sterols of grape seed oil were quantified by constructing standard curves of external standard-internal standard concentration ratio and peak area ratio. All samples were analysed in triplicate.
Vitamin E analysis
Vitamin E composition of different grape seed oils was determined according to a modification of AOCS Official Method Ce 8-89 (1998) using a Shimadzu HPLC system equipped with a RF-10A XL fluorescence detector. 0.15 g of grape seed oil was weighed and diluted with n-hexane to 10 mL. The solution was vortexed and filtered through 0.45 lm pore size syringe filter. Then 10 lL of this solution was injected to HPLC by a SIL-20A autosampler. Separation was achieved by a normal phase Venusil Diol column (4.6 mm 9 250 mm, 5 lm) and isocratic mobile phase of n-hexane/2-propanol (99.5:0.5, v/v) at 1.0 mL/min flow rate. Excitation wavelength was set at 290 nm and emission wavelength at 330 nm. Tocopherols and tocotrienols were quantified by external standard method. All samples were run in triplicate.
Extraction of phenolic compounds
3 g of grape seed oil was extracted three times with 3 mL methanol as described by Parry et al. (2006) . The combined methanol extract was vacuum evaporated and dissolved in 1 mL of methanol. The solution was kept under nitrogen in the dark prior to further analysis.
Total phenolic content determination
The total phenolics were determined according to a modified Folin-Ciocalteu antioxidant capacity assay (Berker et al. 2013) . 200 lL of methanol extract was added to 300 lL of Folin-Ciocalteu reagent (diluted at a volume ratio of 1:2 with isobutanol), followed by 3.5 mL of 0.1 M aqueous NaOH, then diluted to 10 mL with distilled water. After 20 min of reaction at ambient temperature, the absorbance was read at 665 nm. The total phenolics were quantified according to the standard curve of gallic acid and expressed as mg gallic acid equivalents (GAE) per kg grape seed oil. All samples were carried out in triplicate.
DPPHÁ scavenging capacity
The radical scavenging capacity of samples was assessed against the stable radical DPPHÁ by a kinetic approach (Terpinc and Abramovič 2010; Chen et al. 2014) . 200 lL of methanol extract was added to 3.8 mL 0.1 mmol/L DPPHÁ ethanol solution and shaken vigorously. The absorbance was measured at 517 nm at regular time intervals for 30 min. A control reaction was prepared by 200 lL of methanol extract adding to 3.8 mL ethanol, and a blank reaction with 200 lL of methanol adding to 3.8 mL 0.1 mmol/L DPPHÁ ethanol solution. The radical scavenging ability was calculated using the following equations:
where A s(t=x) is the absorbance of sample at t = x s; A c and A b are the absorbances of control and blank at 30 min, respectively. All samples were run in triplicate.
Statistical analysis
Data were reported as the mean ± standard deviation (SD). ANOVA and Duncan's Multiple Range Tests were carried out using the software SAS 8.0 (SAS Institute, Cary, NC, USA) at a significance level of P \ 0.05.
Results and discussion
Oil yields
The oil yields of different grape seeds are shown in Table 1 . The SFE extraction yields of various grape seed cultivars ranged from 13.71 to 15.92 % with significant differences (P \ 0.05), which were higher than those (5.85-13.6 %) reported by Beveridge et al. (2005) . Merlot variety showed the highest oil yield while Chardonnay (white grape variety) showed the lowest oil yield.
Fatty acids
Fatty acid composition of grape seed oils is shown in Table 1 . Thirteen kinds of fatty acids were detected in grape seed oil samples. Significant differences (P \ 0.05) were observed among various grape varieties. Results revealed that grape seed oil was mainly composed of unsaturated fatty acids which account for 86.41-91.08 % of total fatty acids. The most abundant fatty acid was linoleic acid (C18:2) ranging from 63.52 to 76.77 %, followed by oleic acid (C18:1) (13.63-22.03 %), palmitic acid (C16:0) (6.56-8.55 %) and stearic acid (C18:0) (2.06-4.59 %). These values were in accordance with those reported in literature (Beveridge et al. 2005; Crews et al. 2006; Pardo et al. 2009; Rubio et al. 2009; Lutterodt et al. 2011; Fernandes et al. 2013) . Interestingly, the highest linoleic acid content was found in V. amurensis (76.77 %), followed by Carbernet Sauvignon, Merlot, Chardonnay, and the lowest in V. davidii (63.52 %), while oleic acid contents was in reverse order with the highest for V. davidii 
Sterols and squalene
Squalene and sterols are the major unsaponifiable matters in grape seed oils. Five kinds of sterols, including campesterol, stigmasterol, b-sitosterol, sitostanol and 45-avenasterol, were identified in grape seed oils and quantified by corresponding sterol standards ( Table 2) . The plant sterols were demonstrated to be able to lower blood cholesterol by inhibiting cholesterol absorption (Abuajah et al. 2015 other cultivars (P \ 0.05), while the other cultivars have no significant difference (P [ 0.05) in total sterol contents. The sterol composition of grape seed oil was in agreement with that found by other researchers with b-sitosterol as the most abundant sterol, followed by stigmasterol, campesterol, sitostanol and 45-avenasterol. Carbernet Sauvignon showed the highest individual sterols among all varieties except for 45-avenasterol, and V. amurensis exhibited the highest 45-avenasterol value. Squalene was also determined when detecting sterols by GC-MS. He et al. (2003) reported that the squalene in vegetable oils decreased risk for various cancers and reducing serum cholesterol levels. Squalene contents ranges from 10.20 to 16.29 mg/100 g oil in different grape seed oils, which were consistent with the squalene content in sunflowerseed oil (9.2 mg/100 g) and soybean oil (12.5 mg/100 g) (Nergiz and Ç elikkale 2011 ). Significant differences (P \ 0.05) were observed among different cultivars. Carbernet Sauvignon seed oil exhibited the highest squalene content, and Chardonnay exhibited the lowest squalene content than all other red varieties.
Vitamin E
Vitamin E composition of oil from different grape varieties was showed in Table 3 . Four isomers of tocopherol and four isomers of tocotrienol were detected in different grape seed oils. The total vitamin E content ranged from 397.75 to 755.79 mg/kg in which tocotrienols accounted for 68.4-89.9 %. The most abundant tocol form was a-tocotrienol in the range of 177.77-521.11 mg/kg, followed by c-tocotrienol (128.87-183.70 mg/kg) and a-tocopherol (50.80-131.34 mg/kg). The a-tocotrienol values were comparable with those reported by Beveridge et al. (2005) (102-228 mg/kg), Fernandes et al. (2013) (69-319 mg/kg) and Demirtas et al. (2013) (137-264 mg/kg), except for that observed for V. amurensis. The c-tocotrienol values were similar to those reported for Demirtas et al. (2013) (75-322 mg/kg), but they were found in lower concentration compared to those reported by Beveridge et al. (2005) (217-383 mg/kg) and Fernandes et al. (2013) (499-1575 mg/kg). This may be ascribed to the differences in grape seed variety and cultivation conditions. The highest total tocols and total tocotrienols content were found in V. amurensis, while the highest total tocopherols content was observed for white Chardonnay exhibited the lowest total tocols and total tocotrienols contents than all other red varieties.
Total phenolics
Total phenolics of oils from seeds of different grape varieties is reported in Table 4 . Total phenolic contents ranged from 46.60 mg GAE/kg to 98.19 mg GAE/kg (Table 4) . The results were in accordance with the values of 59.0-115.5 mg GAE/kg reported by Bail et al. (2008) , and higher than the values of 21.9-47.0 mg GAE/kg reported by Demirtas et al. (2013) and 10.68-34.43 mg GAE/kg reported by Pardo et al. (2009) . The highest content of total phenolics (98.19 mg GAE/kg) was found for Carbernet Sauvignon. Chardonnay (white grape variety) represented the lowest total phenolic content (46.60 mg GAE/kg) comparing with other red grape varieties. This may be due to the main phenolics in presence of anthocyanins which appear to be red.
DPPHÁ scavenging capacity
A kinetic approach was used to quantitatively evaluate the DPPHÁ scavenging capacity of grape seed oils. The kinetic curves of DPPHÁ residual percentages against time were plotted (Fig. 1) . According to the data analysis, the mathematical model that most satisfactorily described the time dependence of DPPHÁ residual percentage was exponential function:
where y represents the DPPHÁ residual percentage and x denotes the reaction time. The corresponding coefficients (y 0 , A and B) were presented in Table 4 . The high values of R 2 and Adj. R 2 indicated perfect fits of exponential function which reached very significant levels (P \ 0.01).
Initial rate of this process (R (DPPH) ) at x = 10 s was used to estimate the efficiency of DPPHÁ scavenging and calculated as the first derivative of the exponential function (Terpinc and Abramovič 2010) :
The values of R (DPPH) are shown in Table 4 . A lower R (DPPH) value indicates a higher DPPHÁ scavenging capacity (Chen et al. 2014) . The Chinese traditional red grape variety of V. amurensis showed the highest DPPHÁ scavenging capacity, while white grape variety of Chardonnay exhibited the lowest among all varieties. In addition, Chinese traditional grape varieties (V. amurensis * Different letters in the same column indicate significant difference (P \ 0.05) Fig. 1 The percentage of DPPH radical remaining in the system on time of incubation with a concentration of 150 mg/mL of grape seed oils and V. davidii) exhibited a higher DPPHÁ scavenging capacity than the Eurasian grape varieties cultivated in China (Merlot and Carbernet Sauvignon). There were no good correlations between values of R (DPPH) and total phenolics, which indicated that the antioxidant activities of grape seed oil were not just the function of phenolics but might be a combined effect of phenolics, vitamin E and sterols.
Principal component analysis (PCA)
PCA was applied to find principle components from the multivariate data of all properties detected above. As shown in Fig. 2 , the first two principle components could separate the five grape cultivars effectively, which accounted for 75.15 % (PC1 = 42.36 % and PC2 = 32.79 %, respectively) of the total variation. PC1 was mainly correlated with linoleic acid (0.962), polyunsaturated fatty acid (0.964), b-tocopherol (0.952) and d-tocotrienol (0.863), whereas inversely correlated with palmitoleic acid (-0.840), stearic acid (-0.867), oleic acid (-0.976), saturated fatty acid (-0.803) and monounsaturated fatty acid (-0.976). PC2 was highly contributed by nonadecanoic acid (0.900), teracosanoic acid (0.922), b-sitosterol (0.814), sitostanol (0.814), ctocopherol (0.926), d-tocopherol (0.841) and total tocopherol (0.826). Carbernet Sauvignon showed both higher PC1 and PC2 scores than other cultivars as it had higher linoleic acid, nonadecanoic acid, teracosanoic acid, polyunsaturated fatty acid, b-sitosterol, sitostanol, b-tocopherol, c-tocopherol, d-tocopherol, d-tocotrienol and total tocopherol. V. amurensis exhibited the highest PC1 score, which indicated the higher contents of linoleic acid, polyunsaturated fatty acid, b-tocopherol and d-tocotrienol than other cultivars. And V. davidii showed the highest PC2 score with higher contents of nonadecanoic acid, teracosanoic acid, b-sitosterol, sitostanol, c-tocopherol, dtocopherol and total tocopherol.
Conclusion
The present study demonstrated that grape seed oils from different grape varieties presented different compositions. Chinese traditional cultivars (V. amurensis and V. davidii) exhibited relatively higher tocotrienol and DPPHÁ scavenging capacity than Eurasian grape varieties (Chardonnay, Merlot and Carbernet Sauvignon) cultivated in China. Although Carbernet Sauvignon had significantly higher sterols and phenolics contents than all other varieties, a weaker DPPHÁ scavenging capacity was found compared with V. amurensis and V. davidii, which indicated a more important role of tocotrienol on the antioxidant ability of grape seed oil. Chardonnay (White varieties) seed oil showed the lowest sterols, vitamin E and phenolic content, therefore the lowest antioxidant ability. The results revealed that grape pomace of V. amurensis, V. davidii and Carbernet Sauvignon were good sources of high quality grape seed oil with superior nutritional value, such as relatively higher content of squalene, sterols, vitamin E, total phenolics and better DPPHÁ scavenging capacity. Due to the availability of high amounts of grape pomace in China, perspective reuse of the waste for seed oil extraction appears to be highly profitable.
